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(57) [ABSTRACT] 
[PROBLEM] 

As means for analyzing protein/nucleic acid by extracting nucleic acid from a 
specimen, the PCR method and the like are known. But, comparatively bulky 
apparatuses and peripheral members are required for such analysis, which fact is 
inefficient and uneconomical in consideration of an extremely small quantity of the 
specimen. The present invention aims to provide an efficient and economical chip for 
protein/nucleic acid analysis. 
[MEANS FOR SOLVING THE PROBLEM] 

The problem has been solved by completing an analyzing chip capable of 
continuously conducting a series of operations including nucleic acid amplification to 
inspection with use of a functionalized product resulting from the fabrication of 
configurations such as of minute depressions, grooves, etc. in one surface of a solid, 
planar, workable piece such as glass or silicon plates, etc. 
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[CLAIMS] 

[CLAIM 1] A chip for protein/nucleic acid analysis provided with multi-functions 

for simultaneously or sequentially conducting the single operational step or the plural 
operational steps required for the analysis of protein/nucleic acid with use of a part 
resulting from the fabrication of configurations such as minute depressions, grooves, etc. 
in one surface of a solid, planar, workable piece and functionalizing said configurations. 
[CLAIM 2] The chip for protein/nucleic acid analysis set forth in Claim 1 
characterized by being provided with multi-functions for selectively or variously 
conducting the single operational step or the plural operational steps required for the 
analysis of protein/nucleic acid. 

[CLAIM 3] The chip for protein/nucleic acid analysis set forth in Claim 1 

characterized by being provided with the multi-functions for conducting the transfer of 
the specimen between individual steps by means of a valve in selecting or changing the 
single or plural operational steps required for protein/nucleic acid analysis. 
[CLAIM 4] The chip for protein/nucleic acid analysis characterized by being 

provided with the function of carrying out the switching of the valve set forth in the 
foregoing Claim 3 by making use of the property of a material that changes its shape 
with temperature whereby the specimen is allowed to pass when the valve is heated while 
the specimen is blocked when the valve is cooled. 

[CLAIMS] The chip for protein/nucleic acid analysis characterized by being 

provided with a heating function in non-contact mode with use of a thermal beam source 
as a heating method and the cooling function in contact mode as a cooling method for the 
purpose of the valve switching set forth in the foregoing Claim 4. 

[CLAIM 6] The chip for protein/nucleic acid analysis set forth in Claim 1 
characterized by being provided with the heating function in non-contact mode with use 
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of a thermal beam source as the heating method for the functionalized part for the PCR 
method and the cooling function in contact mode as the cooling method for the 
functionalized part for the PCR method, respectively, in an analyzing chip provided with 
multi-functions for selectively or variously conducting the single operational step or the 
plural operational steps required for the analysis of protein/nucleic acid. 
[CLAIM 7] The chip for protein/nucleic acid analysis set forth in Claim 1 
characterized by being provided with the function of detecting a singular nucleic acid 
sequence during electrophoresis by fixing a single probe or plural probes for detecting a 
singular nucleic acid sequence in a functionalized part for electrophoresis in an analyzing 
chip provided with the multi-functions for selectively or variously conducting the single 
operational step or the plural operational steps required for the analysis of 
protein/nucleic acid. 

[CLAIM 8] The chip for protein/nucleic acid analysis set forth in Claim 1 

characterized by being provided with the function of detecting a singular nucleic acid 
sequence by fixing a single probe or plural probes for detecting a singular nucleic acid 
sequence in a groove filled with a hybridization buffer solution in an analyzing chip 
provided with the multi-functions for selectively or variously conducting the single 
operational step or the plural operational steps required for the analysis of 
protein/nucleic acid. 

[CLAIM 9] The chip for protein/nucleic acid analysis set forth in Claim 7 or 8 

characterized by being provided with the function of judging nucleic acid information by 
arranging a single groove or plural grooves which carry out electrophoresis or 
hybridization and are fixed with a single probe or plural probes for nucleic acid detection 
and patternizing the positional information of the detected nucleic acid in an analyzing 
chip provided with the multi-functions for selectively or variously conducting the single 
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operational step or the plural operational steps required for the analysis of 
protein/nucleic acid. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

[TECHNICAL FIELD TO WHICH THE INVENTION BELONGS] 

The present invention relates to a chip for protein/nucleic acid analysis which 
can conducts the steps required for the analysis of protein/nucleic acid efficiently, 
economically and easily. 
[0002] 

[PRIOR ART] 

[CONVENTIONAL TECHNOLOGY] 

Conventionally, for the analysis of protein/nucleic acid, comparatively bulky 
apparatuses and peripheral members have been required in many cases, which fact could 
not escape the charges of inefficiency and waste of money in consideration of an 
extremely small quantity of the specimen. 
[0003] 

For example, in the case of the PCR method now extensively used for nucleic 
acid amplification, one copy of a gene is enough for analysis in principle, but due to the 
use of a tube in a PCR apparatus, a large quantity of reagent is inevitably required, 
resulting in a large use amount of nucleic acid. As a matter of course, the electric power 
consumption for the operation of the apparatus increases, too. 
[0004] 

For electrophoresis, in particular in cases of sequence analysis, a gel plate of 
several ten cm is used requiring a voltage as high as 3000 V. But by taking into account 
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that the sample is only 1 p,g or less of nucleic acid, such an analyzing method is inevitably 

blamed as an inefficient and uneconomical one. 

[0005] 

To cope with the above-cited shortcoming, a new nucleic acid inspection method 
is devised using fine working techniques represented by DNA chips or nano-sequencers. 
Such method is now in advance as an examination method with which an extremely small 
amount of specimen is analyzed efficiently and economically. 
[0006] 

[PROBLEMS THAT THE INVENTION IS TO SOLVE] 

However, micro sample analyzing apparatuses such as the DNA chip, etc. which 
have been developed so far are mono-functional, and lack in the ability of performing 
gene analysis comprehensively and efficiently. Due to such a fact, for gene inspection in 
which analytical results are obtained through a series of steps, a conventional type 
apparatus must be used in one of those steps, resulting in an inefficient and 
uneconomical inspection method. 
[0007] 

For example, in the case of gene analysis according to the PCR method, the 
analysis consists of roughly four steps; (1) nucleic acid extraction from a specimen, (2) 
nucleic acid amplification by the PCR method, (3) electrophoresis of the product of the 
nucleic acid amplification and (4) nucleic acid detection through dyeing. And, since an 
independent apparatus is used for each step, and the specimen must be transferred 
therebetween, a continuous operation does not hold. To achieve an efficient and 
economical inspection, it is necessary to miniaturize all of these steps and impart 
continuity among the steps. 
[0008] 
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[MEANS TO SOLVE THE PROBLEMS] 

By devoting himself to researching in consideration of such circumstances, the 
inventor has arrived at the innovative invention in which the analysis in concern is 
practiced only with a single small-size apparatus with use of small amounts of reagent s 
as well as the specimen in a short time, as a result of conducting the above-cited 
operations in a continuous manner on miniaturized analyzing chips. 
[0009] 

The features of the present invention lie in designing and fabricating a chip for 
protein/nucleic acid analysis by; 

(1) providing one surface of a solid, light-transmitting planar piece which can be 
subjected to various processings such as surface working, sterilizing treatment, washing, 
etc., with various configurations such as a minute depression, groove, etc., (2) 
functionalizing these configurations and imparting continuity as parts, (3) arranging for 
each part a valve mechanism that is switched (opened or closed) by heating or cooling, 
and (4) carrying out temperature control of the functional parts and valves by adopting 
non-contact heating for the heating method and contact cooling for the cooling method. 
[0010] 

In case where an analyzing chip is prepared by functionalizing the 
configurations such as a depression, groove, etc. provided on the surface of a solid planar 
piece, the heat source for heating a functional part such as a PCR tank, an 
electrophoresis groove, a buffer solution tank, etc. in non-contact manner may be a laser 
beam, an infrared or far infrared ray. But, the heat source is not limited to them, but 
any one may be adopted that can heat only a part in concern or a valve in a non-contact 
manner in a short time. Further, as the means for rapidly cooling a part in concern or a 
valve in a contact manner, the electronic device making use of the Peltier effect, which 
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causes heat generation or absorption at the contact plane of two kinds of metal or 
semi-conductor through which an electric current is allowed to flow, is appropriately 
used. 
[0011] 

In order to achieve switching of valve on the analytical chip via temperature 
change, it is suited to use a shape memory alloy such as Ni-Ti, Cu-Ti, etc. which 
undergoes a phase change from martensite phase to austenite phase when heated to a 
certain temperature or higher and can restore the shape before the change, or a shape 
memory polymer, etc. each of which has a property of returning to an original shape by 
losing a certain shape change caused by an external force when subjected to a heat 
treatment, etc. 
[0012] 

A still further feature of the present invention is the capability of detecting a 
specific nucleic acid in concern at a specific position by virtue of fixing a single probe or 
plural specific probes for nucleic acid detection in an analytical chip, and of easily 
estimating the property of nucleic acid from that positional pattern. 
[0013] 

[MODE FOR CARRYING OUT THE INVENTION] 

One example of the principle for the present invention is explained by using a 
drawing as followS. By way of precaution, though the present example shows a method 
of conducting PCR, electrophoresis, hybridization and fluorescence nucleic acid 
detection by using a single chip, the present invention is not limited to the example. 
[0014] 

In Fig. 1, first of all, a specimen (nucleic acid) is injected into a PCR tank 
configured on an analytical chip together with a PCR reacting solution. This tank is 
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heated in non-contact manner by means of a thermal beam source arranged at the top, 
and cooled with a cooling heat exchanger which is arranged at the bottom and not in 
contact with the tank except when used for cooling. The specimen in the PCR tank 
undergoes the PCR reaction by the repetition of an appropriate heating and cooling cycle 
to amplify nucleic acid. 
[0015] 

After the termination of the PCR reaction, the thermal beam source heats the 
valve attached to the PCR tank to open the valve whereby the amplified nucleic acid 
product in the PCR tank now can move to an electrophoresis groove. The valve is made 
of a shape memory alloy or polymer material which deform upon heating, and allows the 
nucleic acid product to pass therethrough upon heating. 
[0016] 

By flowing an electric current to the electrode, after the passage through the 
valve becomes possible, the nucleic acid begins to move from the PCR tank to the buffer 
solution tank via the electrophoresis groove. The electrophoresis groove may be filled 
beforehand with agar or a polymeric compound, but still other resistive material may 
also be used. By the presence of such a resistive material, impurities such as protein, etc. 
present in the PCR reacting solution are separated during electrophoresis. In addition, 
the electrophoresis groove may be filled with a buffer solution. 
[0017] 

When a hybridization reaction with the nucleic acid detecting probe fixed at the 
groove takes place during the transfer of nucleic acid through the electrophoresis groove, 
the nucleic acid is caught by the probe to form a double-chain nucleic acid. Since this 
reaction takes place in case where the nucleic acid sequence in concern is present in the 
specimen nucleic acid, the presence or absence of the nucleic acid sequence in concern 



8 



can be confirmed by the occurrence or non-occurrence of this reaction. Meanwhile, to 
cause this reaction to proceed, it is preferred to adopt the method of amplifying a 
single-chain nucleic acid such as asymmetric PRC, etc. in combination. 
[0018] 

If an intercalator such as cyber green, etc., which excites fluorescent light when 
nucleic acid forms a double chain, is incorporated in the PCR reaction solution or the 
buffer solution, a fluorescent light with a specific wavelength is emitted when fluorescent 
light is irradiated from the bottom of the analyzing chip. In such a case, the presence of 
nucleic acid is finally confirmed by the detection of this excited fluorescence, whereby, if 
a number of probes are fixed to the electrophoresis groove, it becomes possible to judge 
the shapes and properties of a gene based on the positional information of the 
fluorescence from diversified viewpoints. 
[0019] 

[EXAMPLES] 

A schematic diagram is shown in Fig. 2. The results of judging blood group 
judgment by using a blood group-judging chip and the PCR reaction solution shown in 
Table 1 charged in the PCR tank in Fig. 1 are shown in Figs. 3 to 5. By way of 
precaution, the illustrated method is just one use example, and the application of the 
present invention is not limited to the illustrated one at all. 
[0020] 
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[TABLE 1] 



Prescription for PCR reaction solution 


Prescribed quantity 


Sterilized distilled water 


46 ul 


10 x PCR buffer solution 


10 ul 


dNTP (10 mM) 


8 ul 


25 mM magnesium chloride 


6ul 


Primer 1 (10 pmol/ul) 


2ul 


Primer 2 (10 pmol/ul) 


2ul 


Taq DNA polymeraze (5 U/ul) 


lul 






Total 


75 ul 



[0021] 

The results obtained by using the blood group-judging chip shown in Fig. 2 are 
given. Fig. 3 is a judgment example for the case of AO-Rh(+) group; Fig. 4 is a 
judgment example for the case of BB-Rh(+) group; and Fig. 5 is a judgment example for 
the case of 0-Rh(+) group. In all these examples, the results were the same as those 
judged by the ordinary blood group judging method. 
[0022] 

[ADVANTAGE OF THE INVENTION] 

The present invention relates to a chip for protein/nucleic acid analysis 
comprising functional parts in which a series of operational steps required for detecting a 
nucleic acid in concern from a specimen are continuously configured on one surface of a 
solid, planar, surface-workable piece such as a glass or silicon plate. And, since the 
analytical operations can be continuously practiced on the chip with the use of the chip, 
the chip makes it possible to efficiently and economically conduct nucleic acid inspection, 
which conventionally used comparatively large-size apparatuses and peripheral ones in 
most cases and has been inevitably blamed as an inefficient and uneconomical method by 
taking into account the extremely small amount of the specimen. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a schematic, entire view of a chip for protein/nucleic acid analysis 

analysis. 
[Fig. 2] 

Fig. 2 is a schematic view of a blood group judgment chip. 

[Fig. 3] 

Fig. 3 shows a judgment example of AO-Rh(+) group. 

[Fig. 4] 

Fig. 4 shows a judgment example of BB-Rh(+) group. 

[Fig. 5] 

Fig. 5 shows a judgment example of O-Rh(-) group. 
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